Introduction
Pain in patients with spinal cord injury (SCI) is a common occurrence, with an incidence ranging between 65 and 80% of the subjects. One-third of these patients experienced severe pain. Despite pain, patients developed allodynia and hyperalgesia. 1 Symptoms potentially originate in any moment of the patient history influencing patient psychological and social functioning. 2, 3 It affects quality of life, causes a substantial morbidity, with worsening of the disability and reduced involvement in rehabilitation programs. 4 The International Association of the Study of Pain established a 'Spinal Cord Injury Pain Task Force' to classify pain in the SCI. They identified two main types of pain: nociceptive and neuropathic 2, 5 ( Table 1 ).
The first study on the pathophysiological mechanism of pain associated to SCI dates back to 1950. 6 Since then, the literature has produced evidence based mostly on the assumption that pain arises from changes in damaged nerve roots or changes in the brain. 1, 7 Recent observations reveal a role for mediators of inflammation, such as cytokines and prostaglandins, in sustaining chronic central neuropathic pain. 1 Furthermore, the perception of pain may be exacerbated by the loss of spinal and thalamic inhibition and the structural reorganization of inputs in the dorsal horn of the spinal cord. 8 Several therapeutic strategies are used, including pharmacological treatment (analgesics, opioids and non-steroidal anti-inflammatory drugs). Management of pain in these patients is difficult and complete recovery is rare. 9 Osteopathic manipulative treatment (OMT) is efficacious for the relief of chronic pain related to osteoarthritis and/or inflammatory conditions. 10 OMT functions on the induction of small molecules, including endocannabinoids, endogenous opioids and serotonin, which have a nonredundant role on the inflammation and pain associated to the somatic dysfunction. 11 In particular, myofascial release is associated to enhanced levels of b-endorphin and conversely reduced generation of serotonin and arachidonoylethanolamide. 12 These combined effects are possibly associated to a virtuous circle that maintains the benefit caused by OMT.
12
Clinical trials on OMT in patients with SCI-related pain, to the best of our knowledge, have not been published. The objective of this study was to verify the efficacy of combining OMT and pharmacological therapies on the control chronic pain in patients with SCI.
Methods

Subjects
In all, 47 patients were recruited on informed consent from the Spinal Unit of the Niguarda Ca' Granda Hospital, in Milan, inclusion criteria were an age between 18 and 60 years, and a lesion level between C5 and L5 evaluated with standard neurological classification of SCI (ASIA impairment scale A, B, C, D and E). 13 Only patients with a traumatic SCI that has been stable at least for the last 6 months were recruited; no further exclusion criteria based on the time since the initial SCI were used. In all, 26 patients were selected by a medical team composed by anesthetists and physiatrists: 19 had paraplegia and 7 tetraplegia, 16 had neuropathic pain (10 below level lesion and 6 at the level lesion) and 10 had nociceptive pain above level lesion. In all, 21 patients had a complete spinal cord lesion (ASIA level A) and 5 had an incomplete lesion (ASIA level B). In all, 21 patients with pure neuropathic pain were also recruited. Diagnosis was carried out using the leeds assessment of neuropathic symptoms and signs (LANSS) scale. 14 
Study
In all, 26 patients were randomized into three groups. The three groups were evaluated eight times, that is, after 1 (T1), 3 (T2), 8 (T3), 12 (T4), 13 (T5), 16, (T6), 20 (T7) and 24 (T8) weeks from the beginning of the study. In the first group, patients underwent pharmacological treatment for the entire study period (pharmacological group (Ph)). In the second group, patients underwent pharmacological treatment until improvement stabilization. Thereafter, they were treated with both drugs and OMT (pharmacological osteopathic group (PhO)). In the third group, patients were treated with OMT only for the entire study period (osteopathic group (Os)). The 21 patients with pure neuropathic pain were randomized into the three groups (Ph, Os and PhO). The three groups were evaluated after 1 (T1), 3 (T2) and 8 (T3) weeks of treatment.
Pharmacological treatment protocol
The pharmacological treatment of patients in groups Ph and PhO was decided by the anesthetists depending on the origin of pain. The groups were matched for the fraction of patients experiencing nociceptive or neuropathic pain; neuropathic pain was treated with pregabalin (600 mg per day). Nociceptive pain was treated with non-steroidal anti-inflammatory drug (paracetamol 2-4 g per day).
Osteopathical treatment protocol
The OMT protocol was designed for each patient on the basis of the somatic dysfunctions identified during objective exam, as described. 11 Myofascial release, strain-counterstrain, muscle energy, soft tissue and cranial sacral approach were used in any visit. We did not use high velocity low amplitude (thrust) because of the potential side effects in patients with SCI, such as vertebral fractures, surgical fixation, spasticity and flaccidity. The OMT was repeated once a week during the first month, once every fortnight during the second month, once during the third month, for a total of seven treatments. Duration of each treatment session was of 45 min. The patients were treated by an osteopathic physician.
Statistical analysis
Data analysis was carried out using SPSS (version 17.0, Magnetic Media, Milano, Italy). To verify group homogeneity and estimate variance equality among the three groups Levene's test was performed at the time T0. A repeated-measures analysis Osteopathic treatment and spinal cord injury C Arienti et al of variance was used to compare the treatment efficacy in time and among the groups (Ph, O and PhO). The VNS evaluations were analyzed first at the times T0-T1-T2-T3-T4 and then at the times T5-T6-T7-T8. At the end, Tukey's honestly significantly different test was used in multiple comparisons at the times T5-T6-T7-T8 to evaluate which group significantly differed from the others. Po0.05 was considered statistically significant and Po0.01 highly statistically significant.
Results
In all, 26 patients, 22 males and 4 females, with a mean age of 36 ± 9.95 years and a lesion time equal to 4 ± 4.47 years were recruited. In all, 21 patients had a complete spinal cord lesion (ASIA A) and 5 had incomplete lesion (ASIA B; Table 2 ).
The mean VNS scores were 8.70 ± 0.67 for Ph, 8.60 ± 0.84 for PhO and 8.92±0.92 for Os at T0 (Table 3 ). The three groups of patients were, therefore, homogenous for pain perception at the time of enrollment (P ¼ 0.62).
The repeated-measures analysis of variance at times T0-T1-T2-T3-T4 revealed a progressive reduction of pain perception in all the three groups of patients (Po0.01). The VNS scores were at T1 between 6.85±0.82 in the Ph group, 7.10 ± 0.87 in the PhO group and 8.17 ± 1.17 in the Os group. At T3 the mean VNS scores further reduced to 5.50 ± 1.08 in the Ph group, 5.70±0.82 in the PhO group and 6.17±0.75 in the Os group. Results are shown in Table 4 . The three treatments yielded similar rates of improvements, as demonstrated by the analysis of variance analysis comparing the time intervals T0-T4 (P ¼ 0.26). However, as shown in Figure 1 , the pharmacological treatment (Ph and PhO groups) resulted in a faster improvement than the OMT (Os group).
The combined treatment with drugs and OMT (PhO) started when we failed to detect the significant differences in VNS scores at two consecutive time points: this occurred between T3 and T4 (P ¼ 0.57; Table 5 ). Patients in PhO group yielded a significant better pain relief at T5-T6-T7 compared with patients in the other groups (P ¼ 0.04 versus Ph and P ¼ 0.03 versus Os). At the same times, VNS values in the Ph and Os groups remained constant, without any significant difference (P ¼ 0.88). The PhO group VNS scores were 5.65 ± 0.75 and 3.80 ± 1.14 at T5 and T7, respectively (Figure 2 ). Later (T8), we failed to detect any further improvement (T7 3.8 ± 1.14; T8 3.70 ± 1.06; P ¼ 0.28). Table 6 reports the actual VNS data.
To further evaluate the efficacy of the combination between pharmacological therapy and OMT in patients with pure neuropathic pain, we enrolled 21 patients, selected after evaluation with the LANSS scale. Characteristics of the patients are depicted in the Table 2 . There were 17 males and 4 females, with a mean age of 41 ± 13.36 years and a lesion time equal to 8 ± 2.57 years. A total of 13 patients had a complete spinal cord lesion (ASIA level A) and 9 had an incomplete lesion (3 ASIA level B; 4 ASIA level C and 2 ASIA level D). Osteopathic treatment and spinal cord injury C Arienti et al
The mean VNS scores at T0 were 6.35 ± 0.90 for Ph, 6.50 ± 1.08 for PhO and 6.75 ± 1.04 for Os (Table 7) , the three groups of patients were homogenous for pain perception at the time of enrollment (P ¼ 0.75).
The repeated-measures analysis of variance at times T0-T1-T2-T3 revealed a progressive reduction of pain perception in the three groups of patients (Po0.01). The VNS scores at T1 were 5.50 ± 1.22 in the Ph group, 4.78 ± 1.35 in the PhO group and 6.31 ± 0.96 in the Os group. At T3 the mean VNS scores further decreased to 3.92±0.67 in the Ph group, 2.92±0.67 in the PhO group and 4.62±0.74 in the Os group. Results are shown in Table 7 . The three treatments yielded similar rates of improvements, as demonstrated comparing the results obtained at T0-T3 (P ¼ 0.26). Patients in PhO group experienced a significantly higher pain relief compared with patients in the other groups (P ¼ 0.05 versus Ph and P ¼ 0.001 versus Os). At the same time points, VNS values in the Ph and Os groups had a similar improvement, without any significant difference. The PhO group VNS scores were as 4.78±1.35 and 2.92±0.67 at T1 and T3, respectively.
Discussion
This study had the objective to verify the effects of the association between conventional pharmacological treatment and OMT for chronic pain management in SCI. At the beginning, the efficacy of OMT was compared with the efficacy of the pharmacological treatment. The results obtained clearly indicate that both drugs and OMT were effective on pain (Po0.001). Moreover, a direct comparison between the two treatments reveals a similar pain improvement, as no significant difference was detected after 12 weeks of treatment (P ¼ 0.57). The clinical relevance of significant difference in VNS scores, is an improvement of back and shoulder mobility. This is important for their wheelchair movement.
Therefore, OMT could represent a feasible treatment for pain management, in those patients that experience antiepileptic drug toxicity (gait unsteadiness, cerebellar toxicity, alterations of vestibular function, cognition, and blood pressure regulation with postural changes, ataxia and imbalance) or that cannot be treated with non-steroidal antiinflammatory drugs because of the risk of bleeding or of hepatic toxicity.
An efficacy of OMT similar to that of non-steroidal antiinflammatory drugs has been previously reported by Andersson et al. 16 in patients with low back pain. To the best of our knowledge, no further comparison has been published; in particular, no evidence exists on the efficacy of OMT in SCI.
We also report that patients in whom pharmacological treatment was associated with OMT obtained a further significant improvement. Similar data were obtained in different clinical settings, 17 including in particular the pain associated with surgery in women undergoing total abdominal hysterectomy. 18 In these conditions, OMT associated with pharmacological treatment reduced the use of analgesics, anti-inflammatory, miorelaxation and physical therapies. OMT causes changes in the release of pain endogenous biomarkers, such as opioids (endorphin and endocannabinoids), and serotonin with involvement of serotoninergic and noradrenergic descending tracts. 12 A similar mechanism has also been proposed for the anti-hyperalgesia produced by joint manipulation. 19 Moreover, the OMT results in an increase of concentration of circulating opioids, and this allows an improvement of the anti-nociceptive properties and analgesic effect of pain, a natural pain modulation. 20 Therefore, a possible explanation for the efficacy of the treatment is an enhancement of the action of the administered opioids. However, we observe a definite improvement in patients that were not assuming exogenous opioids. The molecular bases of the results are so far largely unknown, even if a potential effect on endogenous opioid cannot be ruled out. Further studies are warranted to verify the effects of the combined treatment in SCI patients on the concentration of serotonin and endocannabinoids.
